
CPT data, Soil Behavior Type (SBT) 

and interpretation of geostratigraphy



The ideal site investigation procedure

1.  Determine the geologic setting from sources such as 

geologic maps, i.e. what are the geologic formations 

expected at the project site.

2.  Determine the soil and groundwater conditions expected at 

the project site from pre-existing boreholes, soundings, 

water wells, pile driving records, etc..

3.  Perform CPTs to develop a stratigraphic model and identify 

geotechnically significant soils.

4. Perform CPTs adjacent to step 3 CPTs, to perform pore 

pressure dissipation tests at identified appropriate soil strata.

5. Drill and sample at locations and depths identified as being 

critical to the design, construction and performance of the 

project.



Topics

• Values measured by the CPT

• Correcting CPT data for the effects of 

penetration pore pressures

• Soil Behavior Type determination

• Data processing with the Vertek CPT

• Interpretation of the CPT geostratigraphy



Values measured by the CPT



Values measured by the Cone Penetration Test

• tip stress: qc (TSF or psi)

• sleeve stress: fs (TSF or psi)

• pore pressure: ut (TSF or psi)



An essential parameter calculated from CPT 

data: friction ratio

• ratio or friction ratio: Rf = fs/qc x 100%

• Rf is a dimensionless value.



Pore pressure terminology

ut = u = u2

measured penetration pore pressure at a 

specific depth

uo

measured static pore pressure or equilibrium 

pore pressure at a specific depth

Du = ut - uo 

calculated excess pore pressure generated by 

the penetrating cone penetrometer tip



The magnitude and distribution of pore pressures adjacent to the cone 

tip during penetration

In many soils, the pore 

pressure rises in advance of the 

passage of the cone tip. Excess 

pore pressure is generated.

The excess pore pressure 

dissipates after the cone tip 

passes that location in the soil.



Pore pressures adjacent to the passing penetrometer in well 

drained  coarse sand remain at static pore pressure levels



Pore pressures less than the static value are generated in dense 

fine sands at the point of pore pressure measurement



Pore pressures in excess of the static value are generated in normally 

consolidated clays at the point of pore pressure measurement



Pore pressures less than the static value are generated in over 

consolidated clays at the point of pore pressure measurement



Pore pressures in excess of the static value are generated in 

loose silts at the point of pore pressure measurement



Pore pressures less than the static value are generated in 

compact silts at the point of pore pressure measurement



Correcting CPT data for the effects of 

penetration pore pressures



Correction of cone tip data for penetration pore pressure



Correction of sleeve friction data for penetration pore pressure



Soil Behavior Type determination



Soil Behavior Type (SBT) 

classification schemes

• Douglas and Olsen (1981)

• Robertson and Campanella (1983)

• Robertson (1985)

• Robertson (1990)

• Jefferies and Davies (1993)



Soil classification (Douglas and Olsen, 1981)



Simplified CPT soil type classification 

(Robertson and Campanella, 1983)



Simplified Soil 

Classification Chart 

(Robertson, 1985)



Normalized Soil 

Behavior Type 

Classification

(Robertson 1990)

Sandy silt

Normalized cone tip 

resistance

Q = (qt – sv0)/sv0’

Normalized Friction 

Ratio

F = fs/(qt - sv0)

Normalized Pore 

Pressure Ratio

Bq = (ut - u0) /(qt - sv0)



Extended Soil 

Classification 

Chart 

(Jefferies and 

Davies, 1993)

Ic = ((3-log (  Qt (1 - Bq ))2 + (1.5 + 1.3 (log Fr ))2)0.5            (Jefferies and Davies, 1993)

Ic = ((3.47-log Qt)
2 + ( log Fr + 1.22 )2)0.5                                       (Robertson, 1997)



Exercise 1

Determine the Soil Behavior Type 

from cone penetrometer data



Recommendations for selecting a soil behavior type 

classification scheme 

* It is acceptable to use the simplified soil classification chart 

when sounding depths are less than 100 feet, but there may 

be errors for soft, low OCR fine grained soils.

* It is acceptable to use the simplified soil classification chart 

with pore pressure corrections (qt in place of qc) when the 

sounding depth is less than 100 feet to improve the 

characterization of soft low OCR fine grained soils.

* However, when pore pressure data is available or when the 

sounding depth is greater than 100 feet, it is recommended 

that you use the Normalized SBT Classification Chart 

(Robertson, 1990).



Data processing with the Vertek CPT



Vertek data processing software

1. Pro Dat: Processes the digital cone data into pressures, 

and creates

1. an Excel compatible (.csv) tabular data file

2. a notepad compatible (.stg) tabular data file

3. a gINT compatible (.gin) graphical file

4. a pdf of the graphical representation of the post-processed data

5. a data file that is the input (.ecp) for the CPT Graph program

2. CPT Graph: Creates a graphical output of the measured 

cone penetrometer data, as well as calculating corrected 

and normalized cone data values

3. Diss Graph: Creates a measured total pore pressure - time 

graph from the ____D.depth data file

4. Seis Graph: Creates a seismic signal – time graph from 

the ____S.depth data file



Graph produced using the program Pro Dat



Tabular data file produced using the program Pro Dat



Graph produced using the program CPT Graph



Graph produced using the program Diss Graph

(pore pressure dissipation curve)



Graph produced using the program Seis Graph

(seismic signal - time curve)



Additional methods of generating graphs of 

the CPT data

• Excel using the .csv file 

generated by Pro Dat

• gINT using the .gin file 

produced by Pro Dat

• Rapid CPT - $$$



Interpretation of the CPT geostratigraphy



Visual interpretation of geostratigraphy from the 

graphical presentation of CPT data

• Cone tip stresses, qt

– > 50 TSF in sands where drained 

conditions prevail

– < 50 TSF in clays where the strength is 

controlled by an undrained response 

• Friction ratio, Rf

– < 1% in siliceous clean sands

– >4% in non-sensitive clays and clayey silts

– in soft, sensitive clays the friction ratio 

may approach 0%



Visual interpretation of geostratigraphy from the 

graphical presentation of CPT data

Porewater pressures, ut = u2

– above the water table (partially saturated soils) the pore 

pressure response may be greater or less than u0

– in well-drained sands below the water table porewater 

pressures are close to static value (ut = u0)

– Intact clays below the water table exhibit porewater 

pressures above the static value (ut > u0), where u2/u0

increases with hardness

• u2/u0 may be approximately 3 in soft intact clay

• u2/u0 may be approximately 10 in stiff intact clay

• u2/u0 may be 30 or more in hard intact clay

– Fissured clays below the water table exhibit porewater 

pressures close to zero or negative
Dashed line is 

the u0 profile



Visual interpretation of geostratigraphy from 

the graphical presentation of CPT data

sand 

clay 



The cone tip 

resistance of a 

normally 

consolidated clay 

increases linearly 

with depth, because 

the strength of the 

clay increases 

linearly with depth.



The cone tip 

resistance of an over-

consolidated clay 

increases linearly 

with depth, where the 

strength of the clay 

increases linearly 

with depth.



Cone tip resistances increasing linearly with depth in soils 

where the soil strength is proportional to the depth.



Graph produced using the program CPT Graph

(“detail level” of 9 yields 15 strata using Robertson, 1990)



Graph produced using the program CPT Graph

(“detail level” of 19 yields 8 strata)



Graph produced using the program CPT Graph

(“detail level” of 50 yields 6 strata)



P-class or probabilistic method of assessing percentages 

of clay, silt, and sand

(“Soil CPT 4.0” by Zhang and Tumay, 1999)



Soil behavior type evaluated with the 

soil classification index Ic

(Jefferies and Davies, 1993)



Comparison of the pattern of cone penetrometer data 

variations for fill and natural soil



Voids can be located with the CPT



Continuity of strata can be determined with several 

CPT graphs displayed in cross section



Where is the boundary between soil layers?

• When penetrating a stiff layer, the 

cone tip will begin to sense the 

underlying softer layer by a 

decreasing cone tip value at a 

distance of 1 foot above the contact.

• When penetrating a soft layer, the 

cone tip will begin to sense the 

underlying stiffer layer by an 

increasing cone tip value at a 

distance of approximately 8 inches

above the contact.



How much penetration is required to reflect the true 

cone tip resistance of the penetrated soil layer?

• When penetrating a stiff or strong 

layer (qt > 7.5 TSF or su > 1000 psf) 

of uniform strength, the cone tip will 

not reflect the true cone tip resistance 

until the layer has been penetrated 

approximately 1 foot.

• When penetrating a soft or weak 

layer (qt < 4 TSF or su < 500 psf) of 

uniform strength, the cone tip will 

not reflect the true cone tip resistance 

until the layer is penetrated 

approximately 8 inches.



Quantifying the effect of layer boundaries on the 

magnitude of the observed cone tip resistance.

For a strong layer between substantially weaker layers, where the 

strong layer is less than approximately 4.5 feet thick, Ahmadi and 

Robertson (2005) recommend a conservative means of computing the 

actual tip resistance of the strong layer.



The corrected tip resistance of the strong soil layer 

can be conservatively calculated by:

qtA* = corrected tip resistance

qtA = measured tip resistance

H1 = thickness of the stronger soil layer

dc = diameter of the cone tip = 1.75 inch

qtA* = qtA (1 + 0.25 ( 0.059 (H1/dc) – 1.77 )2 )

H1 qtA*

24 inches 1.23 (qtA)

36 inches 1.08 (qtA)

52.5 inches 1.00 (qtA)



Important facts to remember when interpreting 

CPT data for SBT and stratigraphy

• Graphic depth plots of qt, Rf, and ut are excellent tools for 

determination of geostratigraphy.

• The location of the stratigraphic contacts should be selected 

using a consistent methodology.

• The cone tip readings may not be accurate for thin soil layers.

• If necessary, data can be processed to determine soil behavior 

types to very fine detail.

• Depth to groundwater is required for interpreting the 

penetration porewater pressures.

• The measured total piezometric pressure is effected by many 

factors, and its interpretation can be complicated by the 

degree of saturation, density and presence of fissures.





Exercise 2

Determining geostratigraphy 

with CPT data


